To elucidate the role of changes in [Ca2+] 
A n increased susceptibility to ventricular fibrillation (VF) complicates a wide variety of myocardial diseases and is a frequent cause of death in the cardiac patient. Fundamental knowledge about the cellular basis of this arrhythmia is essential for designing rational approaches to prevention and treatment; however, the mechanisms that initiate and/or maintain VF are still controversial. Although reentrant excitation appears to be important for maintaining VF once it has occurred,1-4 an increasing number of recent studies have indicated that an inability to maintain Ca'2 homeostasis with a consequent increase in mem-brane-triggered activity5 could be the primary initiating factor in some circumstances, including digitalis intoxication6-8 and the early phases of ischemia9-12 or reperfusion. [10] [11] [12] [13] Ca2+i overload and Ca2 i oscillations may account for the metabolic deterioration that occurs during sustained VF.14-16 However, direct evidence for changes in Ca2+ handling during the initiation or maintenance of VF has been lacking.
We have recently developed a system in which Ca2'i transients can be measured on a beat-to-beat basis in the aequorin-loaded, isolated ferret heart. 17 In this system, the procedure for loading the Ca>2 indicator does not affect the physiological parameters measured, which include the left ventricular (LV) contractility, pacemaker rhythm, and coronary arterial resistance. Several pharmacological interventions in this model provided responses consistent with those observed in isolated, myocardial tissue preparations. 17 With this preparation, we investigated the changes in [Ca2+] i that occur before and after the induction of VF while the heart was perfused with physiological saline solutions. Spontaneous transitions to VF in the presence of toxic concentrations of acetylstrophanthidin or during perfusion with solution containing a low concentration of sodium, as [10] [11] [12] [13] [14] [15] [16] [17] [18] ml/min to provide a coronary perfusion pressure of 90±4 mm Hg. The heart was allowed to spontaneously contract, except during AC current stimulation and in the experiments illustrated by Figure 9 , where hearts were paced at a constant rate. Aequorin Loading and Calcium Signal Acquisition
The methods used to load the bioluminescent protein aequorin into the epicardial myocardium of the LV and the system to collect the aequorin light signal have been previously described.'1718 To collect the aequorin light signal, the preparation was placed in a specially designed organ bath, in which the aequorin-treated surface (inferoapical region of LV) was positioned at one focal point of an ellipsoidal reflector, which transmitted the light to the cathode of a photomultiplier tube (9635qA, Thorn-EMI Inc., Clinton, Conn.).17 The photomultiplier output (anode current), isovolumic LV pressure, coronary perfusion pressure, and the surface bipolar electrical potential were simultaneously recorded on a fourchannel strip-chart recorder (model 2400S, Gould) and on a magnetic tape recorder (model 3964A, Hewlett-Packard Co., Palo Alto, Calif. Recently, Merillat et a129 demonstrated that AC current stimulation reproducibly induced VF in the isolated rabbit heart. We applied this method to our ferret model. Namely, a graded, 60-Hz AC stimulation was delivered to the heart via the punctate electrode located in the right ventricle, initially with a voltage level of 5 V (peak-to-peak) for 3 seconds. If the termination of current was not followed by sustained VF, the voltage level was increased by 5 V and the stimulation duration by 3 seconds for the next delivery. 
Effects of Digitalis Intoxication
The preparations perfused with 8 mM Ca2' and 3 ,uM acetylstrophanthidin consistently developed spontaneous transition to VF within a short period of time (eight of 10 preparations), whereas the hearts perfused with high Ca2' alone did not (zero of 10 preparations). Figure 4 , both 10 mM caffeine (n=2) and a reduction of [Ca2,]0 to 0.5 mM (n=2) decreased the height of Ca2 i oscillations and the mean Ca21 levels. Presumably, the former was by means of directly affecting the SR,36,37 whereas the latter was by altering Ca21 loading of the sarcoplasmic reticulum via transsarcolemmal Ca21 influx, although a direct contribution of transsarcolemmal Ca>2 influx to the oscillatory events is not definitely ruled out by these experiments. Effects of Low Sodium Perfusion Replacement of sodium with lithium consistently increased both peak and diastolic Ca i levels, which were followed by spontaneous transitions to VF, in a similar fashion as occurred with digitalis intoxication (n=3). Hence, the relation between [Ca2]i and VF transition observed during the above protocol is not due to the specific effects of cardiotonic steroids. In addition, reduced heart rates during the lithium replacement (from 98 to 61 beats/min, mean values) provided an opportunity to record long diastolic periods before VF transitions. Figure 5 , left, shows simultaneous records of Ca2 i signals and electrical potentials 30 seconds before the VF transition, which is shown on the right. During a long diastolic pause after a short run of premature beats (the last two beats are shown), a transient increase in diastolic Ca2 i levels was clearly observed (arrow). The instantaneous relation to the diastolic LV pressure tracing (aftercontraction) is evident in the middle of the figure. On (Figure 7 ). When VF was induced after the end of AC stimulation, the level and oscillations of Ca2i were maintained at the same level as during the artificial stimulation; however, spontaneous defibrillation occurred within 1 minute in both conditions. This protocol was also tested at steady state with 10 ,uM ryanodine.38 After 10 minutes of ryanodine perfusion, the [Ca2+]i in the perfusate was increased to 8 mM, and 3 ,uM acetylstrophanthidin was added. During the following 10 minutes, no preparation showed a spontaneous transition to VF (n=4). AC stimulation was then started. In three of four preparations, VF was actually induced; however, in these three preparations, AC outputs >40 V were required for the induction (mean, 55 V). In the remaining one preparation, VF could not be induced even after the maximum output of AC stimulation (70 V). This high threshold for VF induction contrasted with those in the acetylstrophanthidin study in the absence of ryanodine: spontaneous (0 V) in eight preparations temporally and quantitatively related to the increase in [Ca2"]i in the same manner as that observed by us in intoxication with cardiac steroids or in low Na+ tissue perfusion in this study. Figure 9 shows that such VF transitions were induced in this heart at 30 seconds after reperfusion, which followed 20 minutes of global ischemia. This condition is associated with the rapid accumulation of [Ca2+] 
